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MetagenomeTRAKR:
Using metagenomic approaches for pathogen detection  

and description of food and agricultural microbiomes

Farm to Fork Continuum – CFSAN Microbiome research



Metagenomics

Culture dependent vs. Culture Independent

DGGE (Denaturing Gradient Gel Electrophoresis) of 16S from the surfaces of apple trees



T h e  e c o l o g y o f  p a t h o g e n i c i t y  
a n d  t h e  e c o l o g y o f  n u t r i t i o n



Applied MetagenomeTRAKR
Quasi-metagenomics

Methods Development



Enrichment Methods: what co-enriches?

target organism: Salmonella



firmicutes

Bacillus fusiformis and Bacillus sphaericus



Listeria monocytogenes in Ice cream – 48 hours of enrichment



Genome changes

178 H



Days to source identification



Ice Cream 2015 Outbreak – Listeria monocytogenes

FDA
Method as described in  
FDA Bacteriological  
Analytical Manual (BAM)

ISO
Method as described in  
International Organization  
of Standardization (ISO)

USDA
Method as described in
USDA Microbiolological
Guidebook (MLG)

BMC Microbiology 2016



PapayaAgona, Thompson,  
Kiambu, Senftenbberg

Newport,  
Infantis



SUMMARY: MPBW 24 hour enrichments from Group1 papayas



Enriching papayas for Salmonella using the BAM

Hour 16 Hour 20 Hsour 24 RV - 24 TT - 24



Extraction

Gram positive  
Extraction 35

(same color: same genera – order by  
Genus: next chart – for easier comparison)

Gram negative  
Extraction 35



TT every 4 hours incubated at 42 degrees – positive and negative papaya samples



Samples



Characterization of microflora in Latin-style cheeses  
by next-generation sequencing technology

Lusk et al. BMC Microbiology 2012, 12:254



Evaluation of Enriched Microflora of Raw  
Milk Cheese Spiked with

E. coli O157:H7 and
E. coli O103

TINA LUSK PFEFER  
RESEARCH MICROBIOLGIST  

FDA/CFSAN

MICROBIOME RESEARCH AT THE NIH/FDA  
MARCH 13, 2017



inoculation



PI: Bob Sanderson

SPROUTS



3M Petri Films – noticing a suppressive effect



EXPERIMENTAL DESIGN



Bacteria found in sprout water over 4 days



Fungi found in sprout water over 4 days



Protists found in sprout water over 4 days



Water dna extraction



Pseudoponospora



Protist

A protist is any eukaryotic organism that is not an animal, plant or fungus.

https://en.wikipedia.org/wiki/Eukaryotic
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Fungus


Maryland Blue Crab Microbiome

Callinectes sapidus



Maryland Blue Crab Microbiome (2)



Identifying risk factors



Risk factors



Fig 1. Bacterial Genera Unique to Phyllosphere and ControlSamples.

Ottesen AR, Gorham S, Reed E, Newell MJ, Ramachandran P, et al. (2016) Using a Control to Better Understand Phyllosphere Microbiota. PLOS  
ONE 11(9): e0163482. https://doi.org/10.1371/journal.pone.0163482  
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0163482



Agricultural Well water January - December



Salmonella – Tomato Associated Outbreaks
occurring between 2000 and 2008 – with definitive geographic trace-back



Bacterial families in CA, MD, VA, and NC 
tomato carposphere



Tomato microbiome



Let food be thy medicine and medicine be thy food
All disease begins in the gut – Hippocrates (~2500 years ago)



30 trillion human cells
43% 

39 trillion microbial cells 



20,000 human genes
2-20 million microbial genes



Symbiosis between marine microbes and enteric nerve nets of  
tiny marine animals

4 billion years of optimizing intracellular communication

3.5 billion 500 million 1 million



The human microbiome is now correlated with many

STATES OF HEALTH AND DISEASE…

IBS
(Irritable Bowel Syndrome)

Autism

Cardiovascular

CDI
C.difficile infection

Obesity



AUTO IMMUNE DISEASES AND THE MICROBIOME

Intracellular microbes slow innate immune defenses by dysregulating the vitamin D  
nuclear receptor, allowing pathogens to accumulate in tissue and blood.

Molecular mimicry between pathogen and host causes further dysfunction by  
interfering with human protein interactions.

Asthma, Octopus

Vitamin D



Loss of Diversity



The effect of infections on susceptibility to autoimmune and allergic diseases

N Engl J Med. 2002

obesity



Antibiotic use



Junk food aisle



New label/ what’s different

Servings: larger, bolder type, serving sizes update, calories: larger type, new: 
added sugars, updated daily values, change in nutrients required, actual 
amounts declared, new footnote



Fiber



Tomatoes



Microbial food pyramid



rabbit hole



Microbiome research at the 
NIH/FDA



Microbiome research at 
the NIH/FDA

Food microbiomes, oysters  
MAIT cells C. diff  
Detection, E. Coli

AMR
Probiotics, Nutrition

Food microbiomes, cheeses

Food microbiomes, cilantro, masala,  
cucumber, sprouts

TNF antagonist  
Nanoparticles



MITOchonTRAKR



GenomeTRAKRcp

Sara Handy, Ning Zhang, Padmini Ramachandran, Yan Luo, Ruth Timme, Andrea Ottesen



GenomeTrakrCP (Chloroplasts)



genometrakr



flowers



bacterial fingerprints of foods and dietary supplements

capsule tea



Deer Diet



Plants that deer eat

Introduced Native



Gut microbiome



and what was our food fed?
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